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CLINICAL STUDY 
Abstract 
Objective 
This is the first study to document the etiology of non-outbreak infectious nosocomial 
diarrhea in surgical wards, in Al-Madinah Al-Munawarh hospitals, Saudi Arabia. 
Methods 
Fecal samples were collected from all hospitalized patients in surgical wards having diarrheic 
stool 72 hours after hospitalization with no co-morbid diarrhea or intestinal disturbances on 
hospitalization during the period from September, 2007 to March, 2008. They were analyzed 
by copro-scopical, fecal culture, and copro-ELISA methods. 
Results 
Enteropathogens were revealed in 51.9% of cases; about third of them had combined 
infections. C.difficile toxin A&B with or without antibiotic use was the leading cause (21.7%), 
followed by E.coli O157 (17.8%). While parasites were not listed as common causes of 
infectious nosocomial diarrhea, protozoa were detected in 19.8% of cases; Cryptosporidium 
parvum (6.6%), B.hominis (6.6%), G.lamblia (3.5%) and E.histolytica (3.1%). Heavy yeast 
colonization was isolated from 3.5% of cases and Rotavirus coproantigens in 1.2%. 
Conclusion 
Stool specimen analysis 72 h after admission would be of value for parasites and microbes in 
hospitalized patients. Patients who had prolonged duration of hospitalization, complicated 
surgical procedures, pre-existing co-morbidity, taking medications especially antibiotics, or 
at extremes of ages were high risk groups. The numbers of fecal specimens examined, fecal 
concentration, and fecal ELISA, increase the recovery rate of stool examination. In addition, 
the morbidity was greater than reported, which implicate the request for stool examination 
and the role of parasites and microbes as an etiology of nosocomial diarrhea in surgical 
wards. 
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Introduction 
 
osocomial infection is an infection that 
was neither present nor found in the 
prodromal (incubation) stage when the 
patient admitted to the hospital.1 The Centre 
of Disease Control and Prevention (CDC) 
defines nosocomial gastroenteritis as an 
acute onset of diarrhea in hospitalized 
patient, characterized by liquid stool for 
more than 12 hours with or without 
vomiting and/or fever (380C) or the 
occurrence of symptoms like nausea, 
vomiting, abdominal pain in conjunction 
with objective evidence of enteric infection 
obtained by stool culture, antigen or 
antibody assay of feces or blood, routine 
microscopic examination of stool or toxin 
assay2.  
A period of at least 3 days of hospitalization 
prior to the onset of diarrhea is necessary to 
term it as nosocomial diarrhea .1 It has been 
almost common policy for laboratories to 
examine stools for Clostridium difficile 
(C.difficile) alone in cases of nosocomial 
diarrhea in order to save costs3,4.  
Some studies have demonstrated that 
routine examination of feces for 
conventional enteric pathogens and 
parasites in patients who developed 
sporadic hospital-acquired diarrhea was 
unnecessary, and wasteful, therefore 
examination of nosocomial diarrhea samples 
for ova and parasites was not a routine5-7. 
Recent studies suggested that nosocomial 
diarrhea might occur more frequently than 
reported and the cost and morbidity also 
were greater than one would expect because 
diarrhea often was not reported or studied 
as a nosocomial infection2,8-11. 
This study was conducted to determine the 
role of parasites and microbes in the 
etiology of non-outbreak hospital-acquired 
diarrhea in all hospitalized patients in 
surgical wards, during the period from 
September, 2007 to March, 2008 (fulfilling 
the definition and criteria of CDC for 
nosocomial diarrhea) in Al-Madinah Al-
Munawarah major hospitals, Saudi Arabia. 
 
 
Material and Methods 
 
Study population and specimens  
Fecal samples were collected from all 
hospitalized patients aged 2 to 68 years in 
the surgical wards of major Al-Madinah 
hospitals, Saudi Arabia having diarrheic 
stool 72 hours after hospitalization with no 
co-morbid diarrhea or intestinal 
disturbances on hospitalization (fulfilling 
the definition and criteria of CDC for 
nosocomial diarrhea) during the period 
from September, 2007 to March, 2008. This 
study was approved by the Scientific 
Council of Taibah University. 
Three stool samples were collected on three 
consecutive days for each patient for a total 
of 258 patients and were submitted fresh 
and in 10% formalin. Part of each fecal 
specimen was stored fresh at 4°C without 
preservatives for ELISA technique. 
 
Copro-parasitological examination 
The stool samples were first examined by 
direct wet mount after the addition of a 
drop of iodine to aid visualization of 
protozoa cysts, helminthes eggs and larvae, 
and then Gram stained to aid visualization 
of bacteria and yeasts. 
The presence of more than five Blastocystis 
hominis (B.hominis) in every field (x400) was 
considered as relevant if no other pathogens 
were isolated using conventional fecal 
analysis12, 13. 
The presence of heavy yeast colonization 
was considered clinically relevant if no other 
pathogens were isolated using conventional 
fecal analysis. A gram stain for yeast along 
with direct microscopic examination is an 
accurate diagnostic tool that avoids 
quantification inaccuracies that appear with 
cultures14, 15. 
 
Concentration of fecal specimens 
a. Formalin acetate sedimentation16 
where unstained and iodine-stained 
mounts were prepared from the 
sediment and examined systematically. 
b. Sheather`s sugar flotation techniques 
according to Sheather17. Concentrated 
stool samples were evaluated for
N 
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 coccidian oocysts by Kinyoun’s 
modified acid-fast stain18. 
 
Fecal (Copro) ELISA (Enzyme Linked 
Immunosorbant Assay) 
Part of fecal specimens were stored fresh at 
4°C without preservatives and were 
processed within 1 to 2 weeks using 
commercially produced direct ELISA for 
detection of C.difficile toxin A&B, 
coproantigens of Escherichia coli (E.coli) 
O157, Cryptosporidium, Giardia lamblia 
(G.lamblia), Entamoeba histolytica (E. 
histolytica), and Rotavirus (DRG ® C.difficile 
Toxin A+B (EIA-4203), DRG Rotavirus (EIA 
3509), G. lamblia (EIA-3477), Cryptosporidium 
(EIA-3467), E. histolytica (EIA-3473), E.Coli 
0157 antigens detection kit, DRG 
Instruments GmbH, Germany) in a 
microplate format according to the 
manufacturer’s instructions and with the 
chemicals provided within the kit. 
Statistical analyses. Statistics were 
calculated for subjects on selected variables 
(age, sex, fever, vomiting, associated co-
morbidity, taking medications, type of 
surgical procedure done and outcome) and 
correlation between detected organisms and 
these variables using Correlations 
Spearman's rho were performed using 
Statistical Package for the Social Sciences 
(SPSS for Windows Version 13). Correlation 
is highly significant with P value <0.01and is 
significant with P value <0.05. 
 
Results 
 
Fecal samples confirming the CDC 
definition and criteria for nosocomial 
diarrhea were analyzed by copro-scopical, 
fecal culture and fecal-ELISA methods. 
Infectious agents were revealed in 51.9% 
(134 of 258) of cases presented with 
nosocomial diarrhea, enteropathogenic 
bacteria in 39.5% (102) of cases; C.difficile 
toxin A&B 21.7% (56) of cases, E. coli O157 
coproantigen in 17.8% (46). Protozoa were 
revealed in 19.8% (51) of cases; 
Cryptosporidium parvum oocysts and/or 
coproantigen in 6.6% (17), B.hominis cysts in 
6.6% (17), G.lamblia cysts, trophozites 
and/or coproantigen in 3.5% (9) and 
E.histolytica cysts, trophozites and/or 
coproantigen in 3.1% (8). Heavy yeast 
colonization was isolated from 3.5% (9) of 
cases. Rotavirus coproantigens were detected 
in 1.2% (3) of cases (table 1 and figure 1). 
Descriptive statistics calculated for infected 
patients in relation to recorded 
epidemiological data are shown in tables 1 
and figure 1. 
Correlation between detected organisms 
and age, sex, fever, vomiting, associated co-
morbidity, taking medications, type of 
surgical procedures done and outcome was 
shown in table 3. There was a positive 
correlation of high significance (p<0.01) 
between C.difficile infection and occurrence 
of GIT symptoms. Cryptosporidial infection 
showed a positive correlation of significance 
(p<0.05) with age of patient. Duration of 
hospitalization is correlated with high 
significance (p<0.01) with Cryptosporidium, 
G.lamblia, and E.histolytica infections. There 
was a positive correlation of significance 
between E.histolytica infection and both 
medication and outcome, and also between 
Rotavirus infection and co-morbidity. 
Taking medication was an important factor 
in development of nosocomial diarrhea of 
surgical wards (Table 1), 37 cases of 134 
were taking medications (antibiotics, 
laxatives, suppositories, bowel 
preparations); 12 of them taking antibiotics 
where all of them were complaining of C. 
difficile toxin A&B infection (Table 1). Of 258 
cases had diarrhea, 18 were taking 
antibiotics, Cl. difficile were detected in 12 of 
them.  There was an association between the 
onset of diarrhea and the infecting organism 
(Table 3). In enteropathogenic bacterial and 
Rotavirus infections diarrhea appeared on 
the 3rd day while in parasitic infection most 
of cases were complaining of diarrhea on 
the 5th day or more and very rarely on 4th 
day (Figure 2). 
 
Discussion 
 
Hospital acquired diarrhea is troublesome, 
associated with appreciable morbidity and 
mortality especially within children in 
developing countries. This is the first study 
in Al-Madinah Al-Munawarh that 
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Table 1: Descriptive statistics calculated for infected patients in relation to recorded epidemiological data. 
 C.difficile 
toxin A&B 
E.coli 
O157 
Crypto-
sporidium 
G. 
lamblia 
E. 
histolytica 
B. 
hominis 
Rotavirus Yeast 
+ve cases Number  56 46 17 9 8 17 3 9 
% 21.7% 17.8% 6.6% 3.5% 3.1% 6.6% 1.2% 3.5% 
ELISA 
Readings 
Mean 0.2148 0.1741 0.1196 0.1127 0.0880 # 0.0734 # 
SEM 0.0186 0.0180 0.0149 0.0213 0.0086 # 0.0169 # 
SD 0.2156 0.2093 0.1726 0.2466 0.0998 # 0.1965 # 
Sex Male 29 26 9 6 3 13 1 6 
Female 27 20 8 3 5 4 2 3 
Clinical 
data 
Fever 29 25 2 3 2 7 1 6 
Vomiting 23 9 2 1 2 2 1 2 
Others 8 9 3 0 1 0 1 1 
Medications 12 * 9 4 1 3 2 0 6 
Co-morbidity 11 11 1 0 2 3 2 1 
Surgical 
Proce- 
dure ** 
Clean 41 30 14 5 6 11 2 5 
Clean 
contaminated 
12 12 2 3 2 5 1 3 
Dirty 3 4 1 1 0 1 0 0 
Outcome Survived 54 45 16 9 7 16 3 9 
Died *** 2 1 1 0 1 1 0 0 
- Total number examined was 258 cases. Total number of cases infected by one or more infectious agent 
was 134. There were 29 cases infected by 2 organisms and 2 cases were infected by 3 organisms. 
- SEM = standard error of mean, SD = standard deviation 
* Antibiotics 
** Clean: no viscus opened, clean contaminated: viscus opened with spillage, and dirty: pus or perforation 
and incision through abscess.  
*** Nosocomial Diarrhea was not the cause of death in died cases 
# Microscopic examination only  
 
 
Table 2: Onset of diarrhea  in all cases of the studies in days. 
 Frequency Percent Valid Percent 
3rd 63 47.0 47.0 
4th 28 20.9 20.9 
5th 23 17.2 17.2 
6th 14 10.4 10.4 
7th 4 3.0 3.0 
9th 2 1.5 1.5 
Total 134 100.0 100.0 
 
 
documents the occurrence, magnitude and 
etiological agents of infectious nosocomial 
diarrhea as a problem in surgical wards of 
Al-Madinah major hospitals. 
A  total  of  258  diarrheic  fecal  samples  of  
hospitalized patients in surgical wards were 
analyzed after 72 hours of their admission  
by copro-scopical, fecal culture and copro-
ELISA methods. Copro-ELISA was used to 
detect C.difficile toxin A&B, coproantigens of 
E.coli O157, Cryptosporidium, G.lamblia, E. 
histolytica, and Rotavirus for 6 months. 
Enteropathogenic bacteria, parasites, yeast,  
more than one infecting agent in their stool.  
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Table 3: Correlation between detected organisms and recorded epidemiological data using Correlations Spearman's rho. 
 Age Sex Fever Vomiting 
Other 
symptoms medication 
Duration of 
hospitalization comorbidity procedure Outcome 
C.difficile 
toxinA&B
r*** 0.108 -0.084 -0.084 0.487 0.219 0.132 0.338 0.005 -0.021 -0.076 
P 
value 0.212 0.332 0.332 0.005P
** 0.010P** 0.126 7.761 0.953 0.804 0.380 
E.coli 
O157
r -0.099 -0.034 -0.034 0.0168 0.332 0.156 0.091 0.082 0.142 0.003 
P 
value 0.254 0.691 0.691 0.846 8.455 0.070 0.297 0.343 0.100 0.970 
Crypto-
spordium
r 0.189 -0.029 -0.029 -0.067 0.147 0.102 -0.439 -0.130 -0.073 -0.093 
P 
value 0.028P
* 0.739 0.739 0.438 0.088 0.240 0.005P** 0.133 0.398 0.280 
G. lamblia 
r -0.002 0.053 0.053 -0.051 -0.076 0.147 -0.198 0.094 0.111 0.040 
P 
value 0.975 0.536 0.536 0.550 0.381 0.089 0.023P
** 0.277 0.197 0.641 
E. 
histolytica 
r 0.028 -0.097 -0.097 0.041 0.048 0.258 -0.279 0.035 -0.006 -0.174 
P 
value 0.740 0.261 0.261 0.637 0.579 0.002P
* 0.001P** 0.682 0.941 0.043P* 
Rotavirus
r 0.089 -0.071 -0.071 0.057 0.148 -0.061 0.040 0.180 0.024 0.022 
P 
value 0.304 0.412 0.412 0.512 0.085 0.480 0.643 0.036P
* 0.775 0.792 
B. hominis 
r -0.057 0.151 0.151 -0.067 -0.108 0.037 -0.396 -0.016 0.028 -0.093 
P 
value 0.512 0.079 0.079 0.438 0.213 0.663 2.842 0.846 0.743 0.280 
Yeast
r -0.087 0.332 -0.034 0.011 -0.055 -0.083 0.082 0.092 0.097 0.132 
P 
value 0.450 8.455 0.691 0.254 0.592 0.338 0.386 0.233 0.201 0.126 
Total number 134 134 134 134 134 134 134 134 134 134 
 
*** r = Correlation co-efficient 
** Correlation is highly significant with "p<0.01" (2-tailed). 
* Correlation is significant with "p<0.05"(2-tailed).
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Figure 1: Frequencies of infecting agents among cases of nosocomial diarrhea. 
 
 
   
C.difficile toxin A&B E.coli O157 Cryptosporidium 
   
G.lamblai E.histolytica/dispar Rotavirus 
   
Onset of diarrhea (days) B.hominis Heavy Yeast colonization 
Figure 2: Summarization of the relation between onset of diarrhea and the causative organism of diarrhea. 
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Enteropathogenic bacteria (C.difficile and 
E.coli), with or without the use of antibiotics 
(~40% of cases) and enteropathogenic 
protozoa (Cryptosporidium parvum, B.hominis, 
G.lamblia and E.histolytica) (19.8%) were the 
most frequently encountered organisms. 
Many studies19,20 reported that the most 
frequent causes of nosocomial diarrhea  
were enteropathogenic bacterial infection 
and antibiotic use, but no parasites were 
detected and the etiology remains unknown 
in most cases.3,4,20 Some studies have 
demonstrated that routine examination of 
feces for conventional enteric pathogens and 
parasites in patients who develop sporadic 
hospital-acquired diarrhea  was unnecessary 
and wasteful and that examination of 
nosocomial diarrhea  samples for ova and 
parasites should not be a routine.5-7 
Conversely, many studies10,11 agree with the 
results of this study. A study11 was 
conducted to determine the pathogens of 
nosocomial diarrhea cases; Giardia cysts 
and/or trophozoites were revealed in 4.4% 
of samples, B.hominis in 4.4% of samples, 
Cryptosporidium sp. in one (0.5%) sample. A 
large survey10 was conducted of community 
acquired diarrhea  revealed parasites in 2% 
(30/1522) of cases (G.intestinalis, 21; 
Entamoeba histolytica, 4; Ascaris lumbricoides, 
2; Trichuris trichura, 2; Taenia saginata, 1). 
Thirty three percent (8/24) of the patients in 
hematology and intensive care units 
acquired intestinal protozoa during 
hospitalization,10 El-badry and Magoub11 
evaluated parasites as an etiology of non-
outbreak diarrhea  in hospitalized non-
gastroenteritis pediatric in-patients, 
parasites were revealed in 5.8% of cases, G. 
lamblia in 3.11%, E. histolytica in 1.02%, 
Cryptosporidium spp. in 0.54%, B.hominis in 
0.3%, Entrobius vermicularis in 0.24% 
macroscopically, Hymenolepis nana in 0.36%, 
Ascaris lumbricoides in 0.18% and Trichuris 
trichura in 0.06% of cases. 
In this study, enteropathogenic organisms 
were revealed in 51.9% (134/258) of cases 
presented with nosocomial diarrhea, about 
one third of them had more than one 
infecting agent in their stool. 
Enteropathogenic bacteria were the most 
abundant causative organisms (~40% of 
cases); C.difficile in 21.7% (56) of cases, 
followed by E.coli O157 in 17.8% (46). This 
may be due to the intake of medications 
with dietary causes which affect the 
intestinal wall immunity and flora and 
enhance susceptibility to acquire more than 
one organism. While parasites were not 
listed as common causes of infectious 
nosocomial diarrhea in many studies, 
enteropathogenic protozoa (Cryptosporidium 
parvum, B.hominis, G.lamblia and E.histolytica) 
were detected in 19.8% of cases. The highly 
positive results of protozoa detection in this 
study may be explained by the use of fecal 
ELISA that had improved the results. The 
need for fecal ELISA may be justified by 
observation that there are periods of high 
and low excretion of protozoa cysts, oocysts 
and shedding of helminthes eggs. Also there 
is an inappropriate copro-parasitological 
testing in hospitals and limited information 
regarding the role of parasites as an etiology 
of nosocomial diarrhea. In addition, 
examination of nosocomial diarrhea samples 
for ova and parasites is not a routine test in 
most of microbiology laboratory.3,19,20 
Moreover we observed that there is lack of 
reporting of diarrhea and active surveillance 
for case detection and unawareness of the 
hospital staff of the criteria and definition of 
nosocomial diarrhea. 
More than 50% (12/18) of antibiotic 
associated diarrheas (Table 1) were caused 
by C. difficile, making it the commonest 
identified and treatable pathogen. The 
antibiotics most frequently associated with 
C. difficile associated diarrhea are 
clindamycin, cephalosporin, ampicillin and 
amoxicillin. Most mild cases of antibiotic 
associated diarrhea s are due to non-
infectious causes which include reduced 
break down of primary bile acids and 
decrease metabolism of carbohydrates, 
allergic or toxic effects of antibiotic on 
intestinal mucosa and pharmacological 
effect on gut motility21.  
All age groups were presented in this study 
as the age ranged from 2 to 68 years (mean: 
41.6). Extremes of ages were more 
vulnerable to infections especially Rotavirus 
and Cryptosporidium. Cryptosporidial 
infections showed a significance correlation 
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with age (Table 3). The number of males 
and females among infecting organisms 
were not the same (mean: 1.43) without a 
difference in individual organisms except 
for B.hominis infection. 
The results revealed that there was a high 
significant correlation between C.difficile 
infection and associated GIT symptoms 
(vomiting, nausea and abdominal pain; 
(Table 3). Patients with pre-existing co-
morbid disease, taking medications, had 
complicated surgical procedure and patients 
with extremes of ages were high risk groups 
for development of infectious nosocomial 
diarrhea the in surgical wards (Table 3). In 
addition prolonged duration of 
hospitalization was considered a high risk 
factor (Tables 1-3 and Figure 2) and was 
significantly correlated with 
Cryptosporidium, G.lamblia and E.histolytica 
infections. 
The onset of diarrhea  is an important factor 
in case of nosocomial diarrhea ; it varied 
from 3 to 9 days (Table 2). There was an 
association between the appearance of 
diarrhea  and the infecting organism (Table 
2 and Figure 2). Most cases (47%) presented 
with diarrhea on the third day, followed by 
the 4th and 5th day, 20.9% and 17.2% 
respectively, the lowest was on the 7th 
followed by 9th day, 3% and 1.5% 
respectively. In bacterial (C.difficile and 
E.coli) and Rotavirus infections, diarrhea 
appeared on the 3rd day in most of the cases, 
and in parasitic infection on 5th day or more 
in most of the cases (Table 2 and Figure 2). 
It seems that hospitalization and stress of 
having surgical procedure affect immunity 
which shortens the incubation period of 
parasitic infection. 
The recovery rates of stool examination of 
parasites and microbes improve with 
examining more than one specimen on 
different days, stool concentration and 
doing fecal ELISA when needed. The cost 
and morbidity were greater than reported, 
which implicates the request for stool 
examination and the role of microbes and 
parasites as an etiology of infectious 
nosocomial diarrhea  in surgical wards. 
In conclusion, stool specimens` analysis 72 h 
after admission would be of value for 
parasites in hospitalized patients especially 
with pre-existing co-morbid disease, taking 
medications, undergone complicated 
surgical procedures or immuno-
compromized or patients with extremes of 
age. The numbers of specimens examined, 
fecal concentration, fecal ELISA, and 
duration of diarrhea influence and improve 
the yield of stool examination. These imply 
the request for stool examination and the 
role of parasites and microbes as an etiology 
of nosocomial diarrhea  in surgical wards. 
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